We present angular dependent magneto-transport and magnetization measurements on α-(ET) 2 MHg(SCN) 4 compounds at high magnetic fields and low temperatures. We find that the low temperature ground state undergoes two subsequent field-induced density-wave type phase transitions above a critical angle of the magnetic field with respect to the crystallographic axes.
Low dimensional electronic systems characterized by a quasi-one-dimensional (Q1D)
Fermi surface tend to form either a charge-density wave (CDW) or a spin-density wave (SDW) ground state at low temperatures as a consequence of one-dimensional instabilities [1, 2] . High magnetic fields have proved to be useful to investigate, and even manipulate these ground states, since the effects are quite different for the CDW and the SDW cases.
The Zeeman (Pauli) energy is expected to suppress a CDW state because a CDW couples only bands with the same spin. In a magnetic field it is not possible to have the same nesting wave vector Q for both spin-up and spin-down bands (see [3] ). In analogy with the Pauli effect in superconductors [4] , the Zeeman energy, µ The transition temperature is expected to decrease with increasing field, and above a certain threshold field (≃ ∆(0)/µ B ) a uniform CDW is no longer energetically favorable. Consequently, a CDW may be suppressed by high magnetic fields. In contrast, for a SDW system, the nesting property is not affected by the Zeeman term because a SDW couples spin-up with spin-down states. The nesting condition is actually improved by high magnetic fields due to the magnetic field induced one-dimensionalization of the Q1D electronic orbits. Thus for an imperfectly nested Fermi surface, the SDW transition temperature can actually increase with increasing magnetic field [5, 6] . The role of orbital effects on SDW systems has been well established in the Q1D organic Bechgaard salts [7] .
By using a simple BCS relation, we can obtain a rough estimate for the critical field necessary to suppress a uniform CDW: B c = 1.765k B /µ B T c , where k B is the Boltzmann constant, µ B is the Bohr magneton, and T c is the transition temperature to the DW state.
However, the relatively high transition temperatures (≥ 30 K) of most CDW systems, like for example, the molybdenum bronzes [2] implies the need for very high magnetic fields, of the order of 100 tesla or more, in order to suppress the CDW ground state via the Zeeman energy. This limitation has prevented the observation of this field-induced suppression.
In this work, we argue that the α-(ET) 2 MHg(SCN) 4 (where M = K, Tl and Rb) organic conductors may be the first compounds whose ground state is driven towards new DW states under the influence of both Pauli and orbital effects in available fields.
The band structure calculations [8] of α-(ET) 2 MHg(SCN) 4 indicate the presence of both
closed Q2D and open Q1D orbits at the Fermi energy E F . It is generally accepted that these systems undergo a phase transition from a metallic phase to a low temperature DW state [9] [10] [11] at a transition temperature, T DW , between 8 and 12 K. The onset of this second order transition at T DW [12] , is known to decrease with increasing field as would be expected for a CDW transition [13] . Also, below T DW and at intermediate magnetic fields (between 22 and 37 tesla) there are profound changes in the magnetoresistance which are indicative of a first order phase transition in the electronic structure at the so-called "kink transition field", B K . This critical field clearly indicates that a magnetic field has a profound effect on the ground state of these compounds. Above B K , T DW remains finite (∼ 2 K) [13] [14] [15] up to fields as high as 45 tesla [16] . After nearly a decade, the identity of the low temperature ground state remains a contemporary issue, with conflicting evidence supporting both CDW and SDW scenarios [17] . There is published experimental data which, at first glance, seems to support a SDW-like ground state: The muon spin relaxation (µSR) rate [11] changes below T DW while the magnetic susceptibility is found to be anisotropic below the same temperature [10] . Nevertheless, no line broadening or line splitting is observed either on the nuclear magnetic resonance [15] nor on the electron spin resonance [18] spectrum below T DW . The existence of 2-D closed orbits, clearly seen in de Haas van Alphen measurements [19] , can generate Landau diamagnetism which could be responsible for the anisotropy in the magnetic susceptibility. Thus the anisotropy alone cannot be taken as a definitive proof for a SDW ground state. On the other hand, no X-ray or neutron diffraction data that could support the existence of either a CDW or SDW superstructure, have thus far been published.
Clearly, there is a lack of compelling experimental evidence providing unambiguous support for either of the two DW ground state scenarios.
In this letter we study the angular dependence of the magnetoresistance and magnetization of the α-(ET) 2 MHg(SCN) 4 system. Our study reveals new features, in particular a new magnetic-field-induced electronic phase transition, which appears only when the angle θ, defined as the angle between the magnetic field and the b ⋆ axis, satisfies the condition
• . Furthermore, the kink field, B K , displays a non-trivial angular dependence for θ ≥ θ c . We therefore propose a B − θ phase diagram and argue that it appears to be well explained by present theoretical models describing the behavior of a CDW under high magnetic fields with competing Pauli and orbital effects [20, 21] .
Single crystals of α-(ET) 2 MHg(SCN) 4 (M is K, Tl, or Rb) were grown using conventional electrocrystallization techniques [7] . Transport measurements were made using four-terminal methods with currents ranging from 1 µA up to 10 µA applied perpendicular to the conducting layers (along the b ⋆ axis). Meanwhile, the magnetization measurements were performed using a phosphor-bronze cantilever magnetometer. Various configurations of cryostats, magnets, and rotating inserts available at the National High Magnetic Field Laboratory in both
Tallahassee and Los Alamos were used in this investigation. We argue below that both B K and B c are connected with first-order transitions between subphases of the density wave ground state. In retrospect, evidence of B c has been observed before, but was mislabeled as B K [22] .
To further establish the universal character of these sub-phases, we provide similar results for the α-(ET) 2 KHg(SCN) 4 compound. Recently, the magnetic field dependence of a Q1D system with a CDW ground state was studied theoretically [20, 21] using a mean field approach. In this theory, both CDW and SDW correlations were included in an anisotropic 2D Hamiltonian and studied in the random phase approximation. An important parameter of the theory is η ≡ q 0 /q p = ebv F cos θ/µ B , defined as the ratio between the orbital and Pauli contributions to the nesting vector Q. The predictions of this model strongly resemble the experimentally determined phase diagram of α-(ET) 2 MHg(SCN) 4 , where M = K, Tl, or Rb. In particular, the theory predicts (using the author's notation) that: 1) below a second order transition temperature, T c0 , the ground state is a uniform charge density wave CDW 0 ; 2) above a critical field there is a first order transition [20, 21] at B cx to a high field state CDW x which is a hybrid of charge and spin density wave states; 3) between CDW 0 and CDW x a new phase CDW y is stabilized which is dependent on θ through B cy ≈ B and B K to B cx , implying that region I corresponds to the CDW 0 state and region II to the high field CDW x phase. In effect, according to Ref. [20] , the Pauli effect should suppress the critical temperature, T DW , from the metallic phase towards region I (CDW 0 state) in proportion to the square of the magnetic field [3, 13, 20, 21] . This is evident in the T − B phase diagram of the α-(ET) 2 KHg(SCN) 4 compound as shown in the inset of Fig. 4 . Here,
T DW (normalized with respect to its zero field value) is plotted as a function of B/B K for M = K at θ = 0
• taken from Ref. [9] . In the same plot, additional data points are included from the onset of an abrupt change in slope of R(B) as a function of T for B/B K ≥ 1.1 [16] .
Solid triangles indicate the position of B K in this diagram. As has been previously pointed out [3, 20, 21] , the theoretical T − B phase diagram is remarkably similar to the diagram shown in the inset of Fig. 4 . To further strengthen the correlation between theory and experiment, we note that the above expression for B cy may be fitted to the data for B c from M = K (see the dashed line in Fig. 4 ) with the parameters B 0 c ≃ 10.4 tesla and a Fermi velocity v F = 1.8 × 10 5 m/s. This is close to the value from band structure calculations [8] and implies well (but not perfectly) nested Q1D Fermi sheets for the α-(ET) 2 MHg(SCN) 4 salts (where M = K, Tl, or Rb).
In summary, we have closely examined the angular-dependent magnetoresistance and magnetization in the low temperature DW ground state of α-(ET) 2 MHg(SCN) 4 (where M = K, Tl, or Rb). We find that the material exhibits at least three low temperature electronic sub-phases, which are separated by first order phase boundaries. We argue that for low fields and tilted angles, the ground state is well represented by a CDW description, (albeit that no direct evidence for a CDW as opposed to a SDW presently exists). For θ ≥ θ c ≃ 45 
